Determinants of the phagosomal pH in macrophages. In situ assessment of vacuolar H(+)-ATPase activity, counterion conductance, and H+ "leak".
We studied the factors that determine the intraphagosomal pH (pHp) in elicited murine peritoneal macrophages. pHp was measured in situ by recording the fluorescence of covalently fluoresceinated Staphylococcus aureus ingested by the macrophages. Following spontaneous acidification of the phagosomes, passive (leak) H+ permeability was determined measuring the rate of change of pHp upon complete inhibition of the H+ pump with bafilomycin A1. A significant, but comparatively low passive H+ permeability was detected. The existence of a passive H+ leak implies that continuous energy expenditure is required for the maintenance of an acidic pHp. In combination with ionophores, bafilomycin was also used to estimate the counterion permeability. The counterion conductance was found to be severalfold higher than the H+ leak. Ion substitution experiments in electropermeabilized cells and the inhibitory effects of quinine and 5-nitro-2-(3-phenylpropylamino)benzoic acid suggest that both monovalent anions and cations permeate the phagosomal membrane. The activity of the H+ pump was measured at various pHp levels. In the steady state, the rate of H+ pumping was considerably lower than counterion permeation. These findings suggest that the phagosomal membrane potential is insignificant. Consistent with this notion, increasing phagosomal conductance with ionophores failed to accelerate the rate of H+ pumping. Thus, the transmembrane delta pH is the predominant component of the proton-motive force across the phagosomal membrane in the steady state. The rate of H+ pumping was found to decrease steeply as the phagosomal lumen became acidified. Therefore, the pH sensitivity of the H+ pump, which possibly reflects a kinetic or allosteric effect, is the primary determinant of pHp.